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Lysosome-Sarcoplasmic Reticulum Junctions: A Trigger Zone for
Calcium Waves in Vascular Smooth Muscle
Nicola Fameli1, Cornelis van Breemen1, A. Mark Evans2.
1University of British Columbia, Vancouver, BC, Canada, 2University of
Edinburgh, Edinburgh, United Kingdom.
We investigate a hypothesis for the genesis of nicotinic acid adenine dinucle-
otide phosphate (NAADP)-mediated Ca2þ waves in vascular smooth muscle.
Agonist-stimulated waves of elevated cytoplasmic calcium concentration
regulate blood vessel tone and vasomotion in vascular smooth muscle. In
pulmonary artery smooth muscle cells, the calcium mobilizing messenger
NAADP triggers bursts of Ca2þ release from lysosomes by activating the
Two Pore Segment Channel subtype 2 (TPC2). These Ca2þ transients initiate
a propagating wave by Ca2þ-induced Ca2þ release (CICR) from the SR via rya-
nodine receptors (RyRs). Results from deconvolution and confocal microscopy
studies, including immunofluorescence, suggest that lysosome clusters may se-
lectively couple to RyR subtype 3 (RyR3) in regions where lysosomes and
proximal SR are separated by a narrow cleft possibly <100 nm and certainly
beyond the resolution of light microscopy. These results naturally lead to the
hypothesis that lysosome-SR (L-SR) junctions may form a cytoplasmic trigger
zone for the observed Ca2þ bursts and subsequent cell-wide Ca2þ waves. The
present study combines prior optical microscopy observations with a thorough
ultrastructural characterization of the L-SR junctions as input data for a quanti-
tative model of the junction to test the above hypothesis. With this model, we
simulate the Ca2þ bursts that may be generated within L-SR junctions to deter-
mine whether or not these bursts give rise to a sufficient increase in junctional
[Ca2þ] to breach the threshold for RyR3 activation by CICR and thus initiation
of a propagating Ca2þ wave, and the degree to which this depends on the con-
tribution to SR luminal Ca2þ load of concomitant SR Ca2þ uptake by sarco/
endoplasmic reticulum Ca2þ ATPase (SERCA).
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P21-Activated Kinase (Pak1) is a Negative Regulator of ROS Generation
in Ventricular Myocytes
Jaime DeSantiago, Dan Bare, Yunbo Ke, R. John Solaro, Kathrin Banach.
University of Illinois at Chicago, Chicago, IL, USA.
Pak1 a downstream target of Rac1 was implicated in the regulation of NADPH-
oxidase (NOX2) activity. To determine the role of Pak1 in NOX2 dependent
ROS generation isolated,DCF (10 mM) loaded, ventricular myocytes (VMs)
were used and ROS measured during angiotensin II (AngII: 100 nM) stimula-
tion. Decreased Pak1 activity in VMs treated with IPA-3 (10 mM) or in Pak1-/-
VMs resulted in significantly increased ROS under basal conditions and during
stimulation with AngII. The relevance of this increased ROS production was
determined with an in vitro model of ischemia/reperfusion recording stimula-
tion induced Ca transients in WT and Pak1-/- VMs with Fluo-4/AM. WT
VMs exhibited an increase in diastolic [Ca]i (F/F0: 0.98 5 0.04 to 1.28 5
0.12, n=6, p< 0.05) during ischemia (15 min: 20 mM lactose, pH = 6.8,
[K]o = 8 mM, gassed with 95% N2) but no arrhythmic activity. In Pak1-/-
VMs the increase in diastolic Ca was significantly enhanced compared to
WT VMs (F/F0: 1.95 5 0.14, n=8 p<0.05) and Ca-induced arrhythmia were
determined. The decay time constant of the caffeine induced calcium transient
that reflects Na/Ca exchange (NCX) activity was significantly increased in
Pak1-/- (WT: 3.285 0.14 s, n=10; Pak1-/-: 2.325 0.24 s, n=7 p< 0.05) while
NCX protein level was unchanged. Treatment of Pak1-/- VMs with the NCX
reverse-mode blocker KBR-7943 (5 mM) (F/F0: 1.13 5 0.06, n=4 p<0.05),
the ROS scavenger TEMPOL (F/F0: 1.31 5 0.04, n=4 p<0.05) or the
NOX2 inhibitor apocynin (200 mM) (F/F0: 1.195 0.05, n=4 p<0.05) attenu-
ated ischemia induced Ca overload and arrhythmia in Pak1-/-. Our results sug-
gest that Pak1 negatively regulates ROS production through NOX2 and that
a NOX2/ROS dependent increase in NCX activity is a source for arrhythmia
under pathophysiological conditions.
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Activation of b3-Adrenoceptors Induces Increase in Intracellular Free
Zinc Ion via No Signaling Pathway in Hyperglycemic Cardiomyocytes
Erkan Tuncay, Belma Turan.
Ankara University School of Medicine, Ankara, Turkey.
Hyperglycemia is a major etiological factor causing cardiovascular dysfunc-
tion. Changes in intracellular ionic homeostasis via a series of biochemical
changes initiated by hyperglycemia directly affect cellular function resulting
abnormal cardiac remodeling and development of diabetic complications.
Since hyperglycemia regulates free cytosolic Zn2þ ([Zn2þ]i) and attenuates
protein S-nitrosylation via NO-cGMP-PKG, which induces depressedcardiac contractility, in part contribution of activated b3-adrenergic receptor
(b3-AR). We postulated a possible cross-talk between hyperglycemia, activa-
tion of b3-AR and NO availability, [Zn2þ]i increase and contractile dysfunc-
tion. [Zn2þ]i levels were determined by imaging freshly isolated adult rat
cardiomyocytes from either normoglycemic or hyperglycemic rat loaded
with FluoZin-3. We investigated the distribution of b-ARs subtypes by measur-
ing the expression/protein levels of b1-, b2-, b3-AR as well as their left ventric-
ular agonist responsiveness using isolated perfused hearts from diabetic rats.
We found that hyperglycemia influenced both function and the mRNA/protein
levels of selective b1- and b3-AR although the total b-AR did not change.
In vitro experiments showed that b3-AR agonist (BRL-37,344) induced signif-
icant increase in [Zn2þ]i while this effect was prevented with L-NAME expo-
sure in normoglycemic cardiomyocytes. Our data demonstrated that either
chronic or acute hyperglycemia initiates a series of interconnected biochemical
changes in cardiomyocytes including a cross-talk between activation of b3-AR
and NO signaling pathway including increased [Zn2þ]i and then this cross-talk
meadiates abnormal cardiac remodeling and the development of diabetic car-
diomyopathy. Therefore, it can be proposed a pathway that a dynamic associ-
ation of intracellular free Zn2þ with sulfur in protein cysteine clusters under
hyperglycemia, from which the metal is released by NO and other thiol oxidant
species is one of the mechanisms which plays important role in the Zn2þ con-
tribution to maintaining cellular redox balance. (Supported by TUBITAK-
SBAG-109S267 & 111S042)
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The Involvement of NAADP and Two-Pore Ca2D Channels in the Cardiac
Beta-Adrenergic Response
Emma Bolton, Rebecca Bayliss, Chichonyi Aubrey Kalungia,
Duncan Bloor-Young, Margarida Ruas da Silva, John Parrington,
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University of Oxford, Oxford, United Kingdom.
NAADP is a potent endogenous Ca2þ-mobilising agent with actions in many
cell types, including cardiac myocytes1,2. Our previous work suggests that
NAADP causes Ca2þ release from an acidic endolysosomal store, leading to
additional Ca2þ uptake by the SR1,2. Endolysosomal Ca2þ release is thought
to occur via a two-pore Ca2þ channel (TPC), which exists in several subtypes
including TPC1 and TPC23,4. The aim of this study was to investigate whether
Ca2þ mobilised by NAADP is important in cardiac beta-adrenergic signalling.
In guinea pig ventricular myocytes, photorelease of NAADP elicited an in-
crease in the amplitude of the Ca2þ transient (42511% from control; n=6,
P<0.05). Isoprenaline increased the amplitude of the Ca2þ transient by
14856% (n=10, P < 0.05); this response was reduced to 102512% in the
presence of bafilomycin (to disrupt the endolysosomal Ca2þ store; n=6,
P<0.05) and to 10656% in the presence of NED-19, an inhibitor of the
NAADP pathway (n=6, P<0.05).
In ventricular myocytes from transgenic mice lacking TPC1 and 2 proteins
(TPCDKO), the increase in amplitude of contraction in response to isoprenaline
was reduced from 243531% in wild type (WT) to 140524% in TPCDKO
(both n=8, P<0.05). In Langendorff-perfused hearts lacking TPC2 proteins
(TPC2KO), the isoprenaline-induced increase in contractile force was reduced
from 9254% in WT (n=5) to 6359% in TPC2KO hearts (n=7, P<0.05).
These data support the hypothesis that NAADP-induced Ca2þ mobilisation
contributes to the cardiac beta-adrenergic response. It appears that TPC pro-
teins are involved in this mechanism, presumably as a consequence of
increased synthesis of NAADP.
1. Collins et al., (2011) Cell Calcium 50: 449-458
2. Macgregor et al., (2007) J Biol Chem 282: 15302-15311
3. Calcraft et al., (2009) Nature 459: 596-60
4. Elson et al., (2010) Biophys J 98: 100a
3162-Pos Board B317
Selective Activation of Epac Increases the Frequency of Submembrane
Calcium Sparks in Mesenteric Smooth Muscle Cells
Owain Llyˆr Roberts, Tomoko Kamishima, Richard Barrett-Jolley,
John M. Quayle, Caroline Dart.
University of Liverpool, Liverpool, United Kingdom.
The relaxation of vascular smooth muscle, which increases blood vessel diam-
eter, is often mediated through vasodilator-induced elevations of intracellular
cyclic AMP (cAMP) [1]. The vasculature expresses three distinct cAMP effec-
tors: cAMP-dependent protein kinase (PKA), cyclic nucleotide-gated (CNG)
ion channels and the more recently discovered exchange proteins directly acti-
vated by cAMP (Epacs) [2]. The mechanisms by which cAMP induces vasore-
laxation are thus complex and diverse. Here we investigate the hypothesis that
Epac activation increases the frequency of subsurface Ca2þ sparks within rat
mesenteric smooth muscle cells, activating large-conductance Ca2þ-activated
Wednesday, February 6, 2013 615apotassium (BKCa) channels and inducing membrane hyperpolarization and
vasorelaxation.
In Fluo-4-AM-loaded mesenteric myocytes, application of the Epac-specific
cAMP analogue 8-pCPT-2’-O-Me-cAMP-AM (10mM) increased spark fre-
quency from 0.045 5 0.008 sparks/s/mm under basal conditions to 0.103 5
0.022 sparks/s/mm (p<0.05). Importantly this increase also occurred in the
presence of myristoylated PKI amide (14-22), a potent and selective inhibitor
of PKA.
Application of 8-pCPT-2’-O-Me-cAMP-AM (5mM) reversibly increased both
the frequency (0.94 5 0.25 to 2.30 5 0.72 s1) and amplitude (23.9 5 3.3
to 35.85 7.7 pA) of spontaneous transient outward currents (STOCs) recorded
in isolated mesenteric myocytes (n=7; p<0.05). These currents were sensitive
to the selective BKCa channel blocker, iberiotoxin (100nM), and to ryanodine
(30mM). In addition, current clamp recordings of isolated myocytes showed
a 7.43 5 0.96 mV (n=4) hyperpolarization in response to exposure to
8-pCPT-2’-O-Me-cAMP-AM (5mM).
Our data suggest a novel cAMP-dependent mechanism in mesenteric smooth
muscle cells whereby activation of Epac facilitates localized Ca2þ release
which activates surface BKCa channels to modulate membrane potential and
vascular tone.
1. Morgado, M et al (2012). Cell. Mol. Life Sci. 69:247
2. Bos, JL (2006). Trends in Biol. Sci. 31:680-686
Supported by the British Heart Foundation
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Methods to Measure and Analyze Ciliary Beat Activity: Calcium
Influx-Mediated Cilia Mechanosensitivity
Wen-Er Li1, Weiwei Chen1, Yun-Min Zheng2, Yong-Xiao Wang2,
Guangju Ji3, Qing-Hua Liu1.
1Institute for Medical Biology, College of Life Sciences, South-Central
University Nationalities, Wuhan, China, 2Albany Medical College,
Albany, NY, USA, 3Institute of Biophysics, Chinese Academy of Sciences,
Beijing, China.
Airway ciliary beat activity (CBA) plays a pivotal role in protecting the body
by removing mucus and pathogens from the respiratory tract. Since CBA is
complicated and can not be characterized by merely frequency, we recorded
CBA using laser confocal line scanning and defined 6 parameters for describing
CBA. The values of these parameters were all above 0 when measured in
beating ciliated cells from mouse tracheae. We subsequently used 10 mM aden-
osine-50-triphosphate (ATP) to stimulate ciliated cells and simultaneously
recorded intracellular Ca2þ levels and CBA. We found that intracellular
Ca2þ levels first increased, followed by an increase in CBA. Among the
6 parameters, frequency, amplitude, and integrated area significantly increased,
whereas rise time, decay time, and full duration at half maximum markedly
decreased. The results suggest that these 6 parameters are appropriate for
assessing CBA and that increased intracellular Ca2þ levels might enhance
CBA. We next used our established methods to observe changes in mechani-
cally stimulated cilia tips. We found that mechanical stimulation-induced
changes in both intracellular Ca2þ levels and CBA were not only similar to
those induced by ATP but were also blocked by treatment with a Ca2þ chelator,
BAPTA-AM (10 mM) for 10 min. Moreover, while the same blockage were
observed under Ca2þ-free conditions, addition of 2 mM Ca2þ into the chamber
restored increases in both intracellular Ca2þ levels and CBA. Taken together,
we have provided a novel method for real time measurement and complete
analysis of CBA as well as demonstrated that mechanical stimulation of cilia
tips resulted in Ca2þ influx that led to increased intracellular Ca2þ levels, which
in turn triggered CBA enhancement.
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Spatial Distribution Patterns of Alpha-CaMKII in Hippocampal Tissue
Suggest Role for Transient Not Persistent Translocation in Chemical
LTP and Persistent Clustering in Ischemia
Jonathan Gabriel1, Alice Warley2, Frances Edwards3, Philip Beesley4,
Katalin Torok1.
1SGUL, London, United Kingdom, 2KCL, London, United Kingdom,
3UCL, London, United Kingdom, 4RHUL, London, United Kingdom.
Calcium.calmodulin-dependent protein kinase II (alpha-CaMKII) forms punc-
tate structures in dendritic spines and in the soma of hippocampal pyramidal
neurons upon calcium elevation evoked by N-methyl-D-aspartic acid receptor
(NMDAR) stimulation. Though advocated to be relevant to memory formation,
it is not clear whether spinal accumulation represents translocation to and inter-
action with NMDAR or, as somal punctate accumulation, it is the result of self-
association representing clustering of alpha-CaMKII. Alpha-CaMKII punctate
accumulation can be transient or persistent, the significance of temporal pattern
to memory formation and excito-toxicity is however not clear either. In order toobtain a clearer understanding of the state of alpha-CaMKII in memory forma-
tion and excito-toxic insult, e.g. ischemia, we carried out an extensive ultra-
structural study of alpha-CaMKII distribution in control, in chemically
induced long-term potentiation (cLTP) and ischemic conditions in rat CA1
hippocampal slices by electron microscopy and immunogold labeling. We
found preferential localization of alpha-CaMKII to post-synaptic densities in
all three conditions but no significant differences between the distributions of
alpha-CaMKII, phospho-Thr286-alpha-CaMKII and phospho-Thr305-alpha-
CaMKII when comparing control and cLTP treated slices. The number of
alpha-CaMKII clusters was significantly greater in the ischemic than in the con-
trol and cLTP treated slices. Thus, contrary to expectations, we found no
evidence of significant persistent alpha-CaMKII accumulation in the dendritic
spines in cLTP and conclude that transient rather than persistent translocation
of alpha-CaMKII to the post-synaptic membrane is relevant to LTP induction.
This is consistent with a switch-like rather than a resident role for alpha-
CaMKII in memory formation. Our data further show that cluster formation
is a hallmark of ischemic insult and not relevant to memory formation.
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Orai-Stim Mediated Ca2D Release from Secretory Granules Revealed
by a Novel Ca2D and pH Probe
Eamonn J. Dickson1, Joeseph G. Duman2, MarkW. Moody1, Liangyi Chen3,
Bertil Hille1.
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Secretory granules (SGs) bud from the trans-Golgi network and during subse-
quent maturation, acquire an acidic intraluminal pH, electron-dense cores, and
matrices that bind Ca2þ and other ions. Total Ca2þ in SGs is remarkably high,
30-40 mM. The free Ca2þ is significantly lower, with estimates ranging from
10-80 mM. Understanding roles for this calcium and potential mechanisms of
release is hampered by the difficulty in measuring SG calcium directly in living
cells. We adapted the FRET-based D1-ER probe to develop a novel probe (D1-
SG) to measure calcium and pH in secretory granules. It significantly localizes
to SGs and reports resting free Ca2þ of 695 15 mM and pH 5.8. Application of
ATP resulted in a slow monotonic decrease in SG Ca2þ temporally correlated
with the occurrence of store-operated calcium-entry (SOCE). Further investiga-
tion revealed a novel receptor-mediated mechanism of calcium release from
SGs that involves store-operated channels. SG Ca2þ release is completely
antagonized by a SOCE antagonist, by switching to Ca2þ-free medium, and
by overexpression of a dominant-negative Orai1(E106A). Overexpression of
the CRAC activation domain (CAD) of STIM1 resulted in a decrease of resting
SG Ca2þ by ~75% and completely abolished the ATP-mediated release of Ca2þ
from SG’s. Overexpression of a dominant negative CAD construct (CAD-
A376K) induced no significant changes in SG Ca2þ. Colocalization analysis
suggests that, like the plasma membrane, SG membranes also possess Orai1
channels, and during SG Ca2þ release, colocalization between SGs and
STIM1 increases. We propose Orai channel opening on SGs membranes as
a potential new mode of calcium release from SGs that may serve to raise local
cytoplasmic calcium concentrations and aid in refilling intracellular calcium
stores of the endoplasmic reticulum and exocytosis. (Grants NS08174/
GM83913/F32 DC068982/K01 MH086119/NSFChina/985DEChina).
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Structural Requirements of N- and C-Terminal Orai Strands to allow
Maximal Store-Operated Ca2D Current Activation by STIM1
Isabella Derler, Marc Fahrner, Peter Plenk, Christoph Romanin.
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The Ca2þ sensor protein STIM1 anchored in the ER membrane and the pore-
forming Orai protein in the plasma membrane represent the key components
of Ca2þ release-activated Ca2þ (CRAC) channels. Recent publications have
demonstrated that CRAC current activation requires 8 STIM1 molecules
together with an Orai complex formed by 4 subunits. Channel gating necessi-
tates direct binding of the cytosolic portion of STIM1 with both N- and
C-termini of the Orai channel. A single point mutation L273S in Orai1
C-terminus abolishes the interaction with STIM1 and followingly the activation
of Orai1 currents. A truncation till to the fourth amino acid of the N-terminal
conserved region (aa73-89) results in the loss of STIM1 binding to the
N-terminus and STIM1-mediated activation. We employed Orai1 dimers to
identify whether all N-/C-terminal domains within an Orai concatamer are re-
quired to be intact for maximal Ca2þ current activation. Orai dimers with one
wild-type and one L273S-mutant subunit displayed a similar extent of maximal
currents like and an unchanged inactivation compared to wild-type proteins.
These results suggest that either less than 8 STIM1 are even sufficient to
activate Orai1 channels maximally or the L273S mutation is not sufficient to
impair the recruitment of eight STIM1 proteins to an Orai1 oligomer containing
